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ABSTRACT 


ir»  i*  r  tests  ol  the  effects  of  high  cur  root -density  electron  bomba  rd- 
tm  nl  •  7  A  c,nw'  a"d  <'f  residual  oxygen  (-1.  5  x  lO-*1  Torr)  on  the  secondary 
'  imsMcn  ratio  i<S)  were  performed  m  the  electron  Bombardment  Vehicle 
1  ^  •  “max  lor  a  300A  electron-beam-evaporated  layer  of  alumina  on 

m<  \  xlemim  increased  from  2.0  to  3.8  duo  to  pressure  of  1.5  x  It)-61  |„rr, 

‘  ecr.  ased  from  \ .  8  to  2.  0  due  to  0.  75  A/cnv^  electron  bomba  ••  Imcnt 
w  tbout  oxygen.  <“>mn x  lor  an  anodi/cd  beryllium  target  (300A  oxi  U-  layer) 
mcii  iseo  from  I.  >  to  3.  0  under  the  same  0>  treatment. 

Operation  ot  the  QKSI3()7  CFA  test  vehicle  lor  more  than  200  hours 
n<s  shown  that  the  available  emission  (using  the  02  dispenser)  from  an 
evaporated  aluminum -on-copper  cold  cathode  appears  to  have  stabilized 
near  a  peak  current  of  40  amperes  1^2  A/ctn^)  at  a  0,  002  duty  factor. 

Approx  mutely  70  hours  ot  operation  were  obtained  at  2.  5  A/cm^. 


FOREWORD 


Long-life  co^  cathode  studies  for  crossed-field  tubes  are  authorized 
by  the  l  nited  States  Army  Electronics  Command,  Fort  Monmouth,  New 
Jersey,  under  DA  Project  No.  7900-21-223-  12-00.  The  work  was  prepared 
under  the  support  of  the  Advanced  Research  Projects  Agency  under  Order 
No.  345  and  is  conducted  under  the  technical  guidance  of  the  U.  S.  Army 
Electronics  Command,  Fort  Monmouth,  N.  J.  07703. 
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1. 


INTRODUCTION 


The  objective  of  the  present  cold  cathode  study  program  is  to 
achieve  long  life  cold-cathode  performance  for  crossed-field  amplifiers. 
This  program  is  being  performed  for  the  United  States  Army  Electronics 
Command,  Fort  Monmouth,  New  Jersey,  under  contract  DA-28-043-AMC- 
01698(E). 


In  this  study,  selected  cold  cathode  materials  will  be  evaluated 
as  to  their  secondary  emission  properties,  their  ability  to  withstand  environ¬ 
mental  factors  expected  in  a  crossed-field  amplifier,  and  their  crossed-field 
amplifier  performance.  Based  on  the  above  experimental  information  and 
pertinent  theoretical  calculations,  a  life  prediction  chart  will  be  established 
for  a  number  of  cold  cathode  materials. 

The  program  is  divided  into  two  concurrent  phases,  Phase  A 
being  concerned  with  the  measurement  of  various  pertinent  properties  of 
cold  cathode  materials  outside  of  the  tube  environment,  and  Phase  ?  involving 
the  evaluation  and  life  testing  of  selected  cathodes  in  a  crossed-field 
amplifier. 


The  first  quarterly  report  of  this  contract  (Technical  Report 
ECOM  01698-1)  contains  a  discussion  of  the  objectives  and  plans  for  the 
over-all  program.  Quarterly  Report  No.  5  contains  a  description  of  the 
CFA  test  vehicles  used  in  this  program. 

2.  PHASE  A  -  MATERIALS  EVALUATION 

2.  1  Electron  Bombardment  Evaluation.  During  the  present  quarter, 
several  samples  were  evaluated  in  the  Electron  Bombardment  Vehicle  (EBV ). 
The  effort  on  secondary  emission  ratio  (6)  of  high  current-density  electron 
bombardment  (up  to  0.  75  A/cm^)  was  measured  as  well  as  recovery  with 
oxygen.  These  samples  were  as  follows: 

_  o 

a.  300A  aluminum- oxide  layer  on  1100  aluminum  (anodically 
oxidized)  -  20  hour  continuation  of  sample  A- 2. 

b.  Another  anodized  1100  A1  sample  (like  A- 2)  -  sample  A3  for 
30  hours. 

c.  A  nickel-cermet  sample  for  6  hours  on  the  hot/cold  EBV. 

d.  300A  electron-beam-evaporated  layer  of  alumina  on  Mo  for 
41  hours. 

o 

e.  300A  layer  BeO  on  Be  (anodically  oxidized),  37  hours. 

The  following  samples  were  prepared  during  the  present  quarter: 

a.  Four  300A  electron-beam- evaporated  alumina  on  Mo  samples  for  EBV. 

b.  Four  Be  samples  for  EBV.  These  were  diffusion-bonded  to 
copper.  Two  of  these  samples  were  anodically  oxidized  by 
the  tartaric  acid  method  to  form  a  3  00A  BeO  layer  on  Be. 


1 


.  f  >fiht  beryllium-copper  samples  for  EBV  were  machined. 
ci*  E,ght  silver-magnesium  samples  for  EDV  were  machined. 

In  addition  several  EBV  gun  units  were  assembled. 

n,,-;™ ‘A!  •— A  Elcct‘-?aiP.cam-Evaporated  Alumina  on  Molybdenum. 

,  g  a  41  “hour  period  of  electron  bombardment  evaluation,  6  a 

^  a^ft  6  a  wVi  8  AFl8Ure  V-  •  ^  °rder  t0  acMeVe  3‘  8  ^  was  ^e^ary 

2*  hile  O2  was  admitted  to  a  pressure  oi  1.  5  x  10”5  Torr  and 
"”n"?  bombardment  at  0.  15  A/cm*  (correspondingto  3  ma,  ‘ 

ment  atTlS  A/cm*  i  Aft6r  *!,  °2  Waf  pumped  awa/-  bombard’-** 

ment  at  0  75  A/cm  (corresponding  to  15  mA)  caused  6max  to  decrease  from 

3.  8  to  2.  2  in  nine  hours.  Testing  of  this  sample  is  continuing. 

f'l'*  Anodi*ed  Beryllium  -  30qA  Oxide  Laver.  During  a  37-hour 

r  5">“  '’ariad  between  '•  6  and 

i  feure  c).  u2  at  1.  5x10  3  /.orr  caused  a  significant  increase  in 

men?’  ^erha^ ^  Wltfh  3  mA  borrbardment  rather  than  with  no  bombard- 
don  A?  fif  o  6  temPerature  increase  is  beneficial  to  surface  reoxida- 

bardment  0  7^A/Wa2  Pumped  away,  Smax  decreased  due  to  electron  bom- 
,  .  5  A/ cm  causing  a  more  rapid  decrease  than  0.  15  A/cm  . 

2.  1.  3  Anodized  Aluminum  (Allov  1100)  -  300A  Ovirin  T.a,r«>-  c-  _i_ 

74  the2  ’’tbTnarterly,  waVconti  nued  it  19  hour  a  (hours  ?5P  to 

)  unde.  0.  5  A/cm  electron  bombardment  without  02.  During  this  neriod 
"max  remained  essentially  constant  at  2.  3.  g  period, 

6  rem  S1™ilar  samPle  (A- 3 )  was  evaluated  for  a  30-hour  neriod 

nSnt  without  o/  Un  toT??  A?  “i  v*1  lb-hour  Period  of  electron  bombard-' 
ment  witnout  U2.  Up  to  0.  75  A/cm^  bombardment  was  emnWnri  r, 

was  admitted  up  to  a  pressure  of  1.  6  x  10-5  Torr  6  T?  ?.  °2 

sampWas' 

sample  was  C^e 

homfteThPted  °Ver  *  5-h,°Ur  Peri°d’  d«‘"S  w"waa?:ta^S-c‘oer  3” 

taA  T”!'  ''max  was  1.  5  and  the  maximum  value  was  1  8 

,AE“  tL  :  aCblVatl°n  W5t  n0‘  The  test  was  terminated  due  to 

evaluation  of  a  Tle  Sun  unit  has  been  replaced  and  further  EBV 

period!  nickel-cermet  sample  will  be  attempted  in  the  next  quarterly 


3.  PHASE  B  -  CFA  TESTING 
3.  1  QKS1397  Test  Vehicle 

ducted3on‘,Vlo^ld8er  d°’  Cathode  emission  life-test  evaluation  was  con¬ 

test  staUo^  The  ca^od”8  theffrep°rt  Peri0d-  at  a  cathode-pulsed  modulation 
on  an  OFHC  cathode  fitter  consisted  of  0.  0005-inch  aluminum  deposited 

an  OFHC  copper  base.  The  cathode  was  1.  645  inches  in  diameter  0  670 
inch  axial  height  for  an  emitter  surface  area  of  22.  4  sq.  cm. 
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Figure  4 
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Figure  10  QKSI  397  No.  8C  -  pin  «  1 10  kW,  B  -  3000  Gauss 
0.0005  in.  Evaporated  A1  on  Cu  Emitter 
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Figure  3  -  9icct  2.  QKS1397  No.  8C  -  Pin=HO  kW,  B=3000  gauss 

4.  CONCLUSIONS 
4.  1  Phase  A  -  Materials  Evaluation. 

a.  300A  oxide  layers  of  electron-bcam-evaporatcd  alumina  on 
molybdenum,  anodized  beryllium,  and  anodized  aluminum, 
show  generally  similar  behavior  in  terms  of  beneficial  response 
to  oxygen  and  deterioration  of  6  due  to  electron  bombardment 
at  0.  75  A/cm  . 

b.  A  possible  interpretation  of  some  of  the  data  reported  above  is 
that  some  elevation  of  temperature  above  room  temperature 
may  be  beneficial  in  the  response  of  6  to  O 2  for  a  beryllium 
or  aluminum  sample. 

4*  2  Phase  B  -  CF A  Testing.  Operation  of  the  QKS1397  CFA  test 
vehicle  foi  more  than  200  hours  has  shown  that  the  available  emission  from 
a  deposited  aluminum  cold  cathode  appears  to  have  stabilized  near  40  amperes 
at  a  0.  002  duty  factor.  At  0.  001  duty  factor,  approximately  70  hours  of 
operation  was  obtained  at  a  peak  current  level  of  54.  5  amperes.  Activation 
of  the  dispenser  was  required  throughout  the  test  period  to  maintain  the 
cathode  emission. 
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5.  PROGRAM  FOR  NEXT  INTERVAL 
5.  1  Phase  A 

a'  ^mplT  leSting  °f  d'ctron-beam-evaporated  alumina  on  Mo 

b.  Continue  testing  of  anodized  beryllium  sample. 

c.  Test  a  new  nickel-cermet  sample. 

d.  Process  Ag-Mg  and  Be-Cu  samples  for  EBV. 

e.  Test  the  Ag-Mg  and  Be-Cu  samples. 

5.  2  Phase  B 


a. 

b. 

c. 


Continue  life  testing  of  OKS1397  model  8C. 

cathode. thC  QKSm7  leSt  V6hiCle  WUh  “  impregnated  tungsten 
fn\ChTQKl!.a,4dl‘irveh!?.re?lin8  °"  'he  cathode 
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(0  7?  a/J  4S  4 %  VhC  <KfeC,ts  of  hl§h  current- density  electron  bombardment 
(0.  75  A/cm*)  and  of  residual  oxygen  (~1.  5  x  10"5  Torr)  on  the  secondary  emis¬ 
sion  ratio  (6)  were  performed  in  the  Electron  Bombardment  Vehicle  (EBV). 
Omax  for  a  3  0  0 A  nlprtrnn-hp^  rv-1  J  i_ _r  _i _ .  ... 


7  VnnT  I  Electron  nomDardment  Vehicle  (EBV). 

l°r  a  300A  electron-beam-evaporated  layer  of  alumina  on  molybdenum 

from  3S8  t?^  d  \°  n  7^/*°  22  fressure  of  5  x  10_5Torr,  and  decreased 
om  3.  8  to  2.  0  due  to  0.  75  A/ cm2  electron  bombardment  without  oxygen. 

anodized  beryllium  target  (300A  oxide  layer)  increased  from  1.  9 
to  3.  0  under  the  same  02  treatment. 

Operation  of  the  QKS1397  CFA  test  vehicle  for  more  than  200  hours  has 
shown  that  the  available  emission  (using  the  02  dispenser)  from  an  evaporated 
aluminum-on-copper  cold  cathode  appears  to  have  stabilized  near  a  peak 
current  of  40  amperes  (~2A/cm2)  at  a  0.  002  duty  factor.  Approximately  70 
hours  of  operation  were  obtained  at  2.  5  A/cm2.  y 
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